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ABSTRACT 

PURPOSE: To perform the good focusing operation of the title apparatus even 
when a spherical aberration is caused in a projection optical system. 

CONSTITUTION: The title apparatus is provided with the following: 
focal-position detection systems 15, 19, 20, 21 which find the focal 
position of a projection optical system PL by using a reference pattern 18 
on a wafer stage WS; a bar-code reader 22 to which the line width of a 
pattern on a reticle R is input; a spherical-aberration operation device 11 
which fins the change amount of the spherical aberration of the projection 
optical system PL; and a focal -position correction device 14 which corrects 
the focal position, of the projection optical system PL, which has been 
found by means of the focal -position detection systems on the basis of the 
line width of the pattern on the reticle R and of that of the reference 
pattern and on the basis of the change amount of the spherical aberration. 
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(54) PROJECTION OPTICAL APPARATUS 



(57)Abstract: 

PURPOSE: lb perform the good focusing 
operation of the title apparatus even when a 
spherical aberration is caused in a projection 
optical system. 

CONSTITUTION: The title apparatus is 
provided with the following: focal-pOGitioa 
detection systems 15, 19, 20, 21 which find the 
focal position of a projection optical system PL 
by using ^ reference pattern 18 on a wafer stage 
WSi a bar-code reader 22 to which the line 
width of a pattern en a reticle E is input; a 
spherical-aberration operation device 11 which 
the change amount of the sphencal 
aberration of the projection optical system VU 
and a ^oeition correction deWce 14 which ^J^^i^ 
action optical system PL, which has * ^ d of 

aetecticn — . on the fcasis of the Une ^^^Z^ of tfee ^erical 
that of the reference pattern and on the basis of the change 

aberration. 
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CLAIMS 



IClaim(B)J iliuxninRtion-light study 

[Claim 11 I* the projection optics eqiupmaixt which has tfce Ui^man 

masfc or said stase, and. a locai w«* , ,«mwt means to input 

. „ ^ K^**^4-h of the nattem on ©aid mask, ssncl an am-oixii. ±> 

preference pattern. m^ettetiee-light study 

RH. 21 I» the predee^on opt*, e^pa-eat ^ ^ ». 

-.tern wkieh aiaraia.t- the pattern oa a meek by tbe K* Ulaauae 

masfc or saitt srage, a*ixi* VraiACtion opticis equipment 

B8 id paction optics uaing tM. referent pattern, P«^« op ^ 
characterized b y b*vin« - amount operation «ean* of nbe^txo^ te ^ 
variation of the spherical aberration of said projection optxcs, or ^txgmat^m, and the 
wL, ™t« caicuiation actuation of the ^location • f— _ W 

W^on detection ^ baaed on the variation of the spherical aberrate aearched 

by this amount operation mean* of aberration, or a^gmatewn. 



DETAILED DESCRIPTION 



(Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the projection aligner equipped 
with the focal location detection device in which it is used for micro processing, such as a 
semiconductor device, a liquid crystal display component, or the thin film magnetic 
head, and relates to suitable projection optics equipment. 
[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display 
component, or the thin film magnetic head is manufactured ueing a photolithography 
technique, the projection aligner which imprints the pattern of a reticle on a 
sensitization substrate through projection optics is used. According to the pattern 
imprinted being made detailed, the numerical aperture of the projection optics in a 
projection aligner becomes large, and the depth of focus is shallower. Then, making it 
nearby highly precise about the focusing device (automatic focus device) in which the 
expwm*s side of a sensitization substrate is doubled with the image formation side 
(focal location) of projection optics within the limits of the depth of focus is called for. 
[0003] As a focusing device of this conventional kind of equipment, the image of a slit 
pattern is projected on the center section of the shot field of a sensitization substrate, for 
example according to exposure optical system, and the device which carries out 
re-image formation to the light-receiving side of a photoelectrical sensor where the 
center-of-gravity location of distribution of the quantify of light can detect the image of 
that slit pattern according to ligM-r eC siving optical system is known. According to this 
device, if a sensitization substrate moves in the direction of an optical aais of projection 
optics, since the location of the image with which re-iniage formation of that slit pattern 
was carried out will change, the distance of that sensitization substrate and projection 
optics is measurable. And the automatic focus was operating by controlling so that the 
distance of projection optics and a sensitization substrate always becomes fixed. 
[0004] H6wevei; the focal location of projection optics is always changing with change of 
atmospheric pwssure. or the temperature rises of the projection optios by the exposure 
absorption of light, and is not fixed. For this reason, the method of adding the offset 
which corresponds every moment to the distance measured by the ssposure optical 
system and light-receiving optical system of a focusing device according to atmospheric 
pressure change, the amount of exposure absorption of light, etc., and following focal 



change or a iocai w«»->* . \ , . ^ uriexnectod cause or 

i „ / for example, an impact, ^ operation mietaie, etc) by the 

change (for exampi . ... . f fo _ exEUEro l e , disconnection of stress, 

long-term change of equipment cannot b e Allowed (for ««npl ^ 
sflCldar cWge of * chemical, etc.), bnt this approach M a^o hard to be 

M Moreover, aIthou B h there is an approach change the — 
develop it a. « approach of meaa urm* the focal ^ ^ j 

!L!omenon change o£ the focal location of projection opt.es » detected, and he 
phenomenon J ^^oned projection optica and tn« 

srs. of * -* — - xisr^^ 

the 

,. a . tw Hsrht income becomes max, or a reticle, the reflected lign 

« ^on^b3^e of that m«mina*on light recess through the pattern of a 
sonsitisatioji 9U09traie ox ^ t _ iTLcoxne becomes 

k of Butt fcom « oi«loternii»od pattern »*> «"■>• po"on»™s 
rf gw . io loomod. Bom. oo» - *»« *ottUl «>»» 1 — « 

7Z .oootton dotootto* ■. -* «. «*« of *. *d— W b. 

„c».nly to «~».»t -Kb «- UO bre^h of tho pottom ~h*A Aould oW* 



actually be projected. Moreover in order that some may use the mart for alignment of a 
reticle, or the mark for alignment of a seneitdsation substrate among the 
above-mentioned techniques, compared with tho pattern whioh should usually actually 
be projected, line breadth is large. 

[0003] By the way, although, as for projection optica, temperature rises by the exposure 
absorption of light, temperature doss not necessarily rise to uniform and homogeneity 
by the whole projection optics. If it thinks especially in the croas section of projection 
optics, it consists of metals to whieb a perimeter holds the glass with the glass with 
which a core constitutes a lens, and exposure light will be absorbed with glass, the 
temperature of glass will rise, and the heat will escape and go to a surrotindiug metaL 
Thereby, it is expected that temperature becomes high and the rise of the periphery of 
glass, i.e., the temperature of the part near a metal, is a* small as the core of glass, 
especially " a reticle - a pattern ■- receiving -■ tha Fourier transform -- a field 
(henceforth "the pupil surface of projection optics") -- near -- ***- - usually - a lens - a 
core -- zero-order - the diffracted light - a passage - a periphery - zero-order - U e ht - 
power - falling ~ one - order " more than - the diffracted light - passing » a sake » the 
temperature rise of n core - being remarkable . The focal location of the bcum of light by 
which the beam of light which a core expands in a convex lens according to this 
Phenomenon, radixis of curvature becomes small, and a refractive index becomes large 
in connection with a temperature rise generally moreover, and passes along the core of a 
lens passes a focus along an epilogue and a periphery in a near place according to 
projection optics, and a gap arise. Therefore, it is possible that spherical aberration 
occurs. 



[OO09] Since the include angles at which the diffracted Hght is injected from a reticle 
differ and the paeeage location of the beam of light near the pupil surface of projection 
optics changes with line breadth, the pattern with which this differs in the line breadth 
on a reticle means that the focal location of projection optics changes with line breadth. 
That is, when the line breadth of the pattern for focal location detection differed from 
the line breadth of the pattern which should be projected, there was Tin-arranging of a 
gap arising between the focal location detected according to the focusing device and the 
focal location of the pattern which should be projected essentially, and highly precise 
focal alignment becoming impossible to it according to the spherical aberration 
generated by the exposure hght absorption of the lens which constitutes projection 
optics. 

[00101 Moreover, illumhiation in which the image of the secondary light source formed 
on the pupil surface of projection optics focuses not only on a thing completely 



symmetrical with . shaft but on two or ^ field, distant from the opfccal — bk* the 
^-called two or more obK.uc Ita^ «* esampla to an ^ £ 
L^ Be of the seconds ]*fat souxce is formed is also Prosed. In ^ 
iThlch constitutes lection optic. by the e*poaure of e*poeure h S ht de^rms 
iTl^etHcaBy about an optical ^ astigmatism etc. c^urs by that and 
a ™tS P«c*a focua may not be aHe to be performed. This invents anne at 

optics equipment which Can perform g ood *— ~~ * 
X^-Lo. or astigmatism occur* in projection optic In -ew of tin* pmnt. 

for Solvin* the P^bW The 1st projection op*- equipment ^ this invention 
^aSle, the iUun.ination-li.ht study ay**- which iHununates the pattern on 
Mir^the let muunnation H*ht a, shown i„ * 3, ** In the proton 

:r:rrr=rr;^;;rr op ti . P , r r — 

!T t t: m a* IB, 20. 21), A lino breadth input ^ to input the hne breadth of he 
IZZ n ihe mask K <* An amount operation means -T j^TJj 
Ution of tie spherical aberration of the projection optics PL, or a^n^xn (13) 
formation on the Hne b^adth of the pattern *om the Hue bread* mp«t 
S It has the focal location anient means <14> which amends the focal locnUonof 
^projection optica searched fo* by the fbeal location detection ^ based on the 

breadth-of a reference patter and its amouut operation mean, of aberratxon (13), 
tooSrtrLdproieetionopticae^mentWti^ 

aiunnnation-li.ht study system which illumWte, the P a«»m on Mask K by h Is 
mumination light ae shown in toi^ <L 3. 5-9), In the projects opt** e q u Pment 
"a s ^proieetionoptica^whichproiectethe ^^^^^ 
Ii*ht of the pattern of tba mask R on the eubstrate W on Stage WS The reference 
L prepaI ed on the mask E or it, ata e e WS, A focal location detects ^ 
L^ thT focal location of that projection optica PL this referee ^ (£ 

19 20 21), An amount operation mean* of aberration to calculate the vanafcon of the 
SUl aberration of the projection optica PL, or ^13), It has the ; onW 
mBM8 (14) which interrupt* calculation actuation of the focal locatxou of that focal 
location detection meaus based on the variation of the spherical aberrate searched for 



by this amount operation means of aberration (13), or astigmatism. 
[0013] 

D?Wtioul According to the 1st projection optics .qmpmcnt of this this invention, the 
difference of the line breadth of the reference pattern used with a focal location 
detection means and the line breadth of the pattern on the mask actually exposed can 
be known with a line breadth input means (22), and the amount of the present spherical 
aberration or astigmatism can be known with the amount operation means of 
aberration (IS). Moreover if the focal location amendment means (14) memorizes in 
quest of relation with the focal location by the lino breadth difference, spherical 
aberration, or astigmatism beforehand, the difibrence of the present focal location 
obtained with the focal location detection means and the focal location of the pattern 
actually exposed can bo searched for from the above-mentioned relation. Therefore, it 
can aafc for the focal location of the pattern actually exposed, and thereby, even if 
spherical aberration or astigmatism oeeurs in projection optics, good focusing can be 
performed- 

[0014] Moreoverv accordW to the 2nd projection optics equipment of this invention, 
when projection optics is not influenced by absorption of the let illumination light (i.e., 
only when it is in the condition that change of spherical aberration or astigmatism has 
not broken out), detection of the focal location of projection optics is performed by the 
focsl location detection means. On the contrary, even if it amends the value calculated 
with the focal location detection means by count, when it is thought that the error of a 
focal location arises, or when not performing amendment by count by the case where 
there is no line breadth input means etc. detection of a focal location is not performed 
and focusing is not p erfo«ne<l. Therefore, focusing is performed only in tbe condition 
that good focusing can be performed. 
[0015] 

[Example] Hereafter, with reference to xkawj^eJ, - drawing 9 , it explains, per example 
of the projection optics equipment by this invention. This example applies thia invention 
to the contraction projection mold aligner (etepper) of the step-and-repeat method for 
semiconductor device manufacture. Qmyinf ! shows the configuration of the outline of 
the whole equipment of this example, in this drawing 1 , 1 is the light source whicb 
consists of an extra-high pressure mercury lamp, and this light source 1 generates the 
expoaure light 1L of a wavelength region (bright lines, such as i line) which exposes a 
resist layer. As an exposure light H,, higher harmonics, suoh as a Wr beam or metal 
vapor laser, such as KrF excimer laser or ArF excimer laser, and an YAG laser, etc. may 
be used other than the bright line of an extra-high pressure mercury lamp. 



[0016] The expose light IL injected &om the light source 1 passes the shutter 2 opened 
rl^T«ate fc exposure actual WW * ^ « - - ^ 
^ditfon, ^ «* the «po— Heht IL ia carried ont to the «^-«a 
Xch co.aiat* of fly «ye leneee etc. and it i. orthopedic*!* operated *o u»t R^Ie 
tl7^ e mandated on predetermined lightin* conditio- The e*po 9;T e h .ht 

10 with ^ aJL* ^ mununance, after p— - 4 " * ^ 

ad^ble blind e.are^lensV.andthe Maine .^-rl-Sfc*— — 
mirror 9 and heme reflected caudad almost perpendicularly here. 

Z ZtiJZ^ior 3 is received by the photoelectrical sensor 38, and the detecting 
^ sTlCTwHich ehows the power of the expose lisht ID -tputtcd from he 

Lnputing element 13. Furthermore, w*h a half mirror 4. the reflected hght fcomth. 

the ^ light IL is lod tc the photoelectrical eeneor 16 ea a reflect 
Ilr JL. end the ontput signal of the photoelectrical ee, W 6 - eupphed o the 
iheLal-aherration computing element IS. The role of the photoelectrxcal — 16 - 

SSX« — arable bKnd 6 ha, Keticle K * < ™ L -< ^ 

" nK visual field of Reticle E eon be set as arbitration by makm g two or more 

adiuatahle blind 6 and the imbrmaticn list of a configuration » eupphed to the 

cL of reticle etc. is recorded on the exterior of patter- apace PAof KeUcle £^ 
McU R is in a location Bl, tihe bar code BG can he read with a her code read- «. A 
bar code reader 22 ia applied to the below-mentioned foci poadaon transducer 14 by 
making the read information into a signal 32. 

[0019] Incidence of the ensure light IL which passed pattern space * £ 

carried cut to projection optics PL, and it pile* nP and carries out «nage -maUonoftHe 

» t*t x w fi^irl r,n *k« wafer W Held ao that a. resist lay** might be 

111-oipction optics PL to one shot field on. tix& waier w xieau. 



explanation^ 



[002O] Wafer W is held on the wafer stage WS -• having •- the wafer atege WS - the 
Z-axis drive system 25 -- tie direction of « n optical axis of projection optics PL <Z 
direction) -- jogging - while it is movable, it i B constituted by the etep-and-repeat 
method movable Wdirnensional in the field perpendicular to the optieal axis of 
projection optics PL. After imprint exposure of the pattern of the reticle R to one shot 
field on Wafer W is completed, stepping i a carried out by the wafer stage WS to the next 
shot field of Wafer W In addition, it is indicated tay JP,62-274201,A about the detailed 
configuration of the wafer stage WS. 

[O023J Next, it explains pet focal location detection device of the example of drawjagj, . 
I* dxaMBsJ. , the exposure optical system 11 supplies the image formation flux of light 
for forming images, such as a pinhole or a slit, aslant from the upper part to the optical 
axis of projection optics PL at a specimen plane, and the light-receiving optical system 
12 receive the reflected light bundle in the specimen plane of the image formation flux 
of light, and it carries out re-image formation on the light-receiving side of a 
Photoelectrical sensor. The location detection system of an oblique incidence method is 
constituted from these exposure optical system 13 and the light-receiving optical syatem 
12 by the indirect method. This location detection system measures the distance (focus 
condition) of the best image formation side of projection optics *nd a specimen plane 
indirectly. The configuration of this location detection system etc. is indicated by 
JP 7 60 168112*A. 

[0022] In addition, in this example, when the beet image formation side and specimen 
plane of projection optics PL have agreed, the include angle of the parallel monotonous 
glass (plane parallel) which is not illustrated [ which was beforehand prepared in the 
interior of the fight-receiving optical syetem .12 ] is adjusted so that a measurement 
result may become zero (0), namely, so that it may become zero-point criteria. 
Ineludeangle adjustment of this parallel monotonous glass ie performed by directions of 
the focal location amendment machine 14. Include-angle adjustment of parallel 
monotonous glass is always automatically performed corresponding to the variation of 
the focal location calculated every moment according to atmospheric presaure change, 
the exposure absorption of light, etc. so that it may mention later. Moreover, when the 
front face of specimen planes, sucIl as Wafer W 7 comes to the focal location measured by 
the focal location detection system of a direct method so that it may mention later, the 
calibration of the include angle of the parallel monotonous glass of the light-receiving 
optical system 12 is performed so that the measurement result of the location detection 
system of an indirect method may serve as «ero (0). 

[0023] Next, the focal location detection system of the direct method of this example is 
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R> 4. It is a Z coordinate in case a reference pattern 18 has Coordinate Za (=BJF.) in. a 
focal location, and the value of a detecting signal S3 changes to convex by centering on 
Coordinate Za mostly. In this case, the focal position transducer 15 plots the detecting 
signal S3 ontputted from the photoelectrical sensor 21 considering the coordinate of the 
Z direction of the reference pattern 18 detected by the light- receiving optical system 11 
of a location detection system as an asds of abscissa of drawing 4 as an axis of ordinate 
of drawi ng. 4 at the same time it supplies the command which scans the wafer stage WS 
to a Z direction to the Z-axis drive system 25. And the focal position transducer 15 
detects the coordinate Za (=R.F.) of a focal location from the point that a detecting signal 
S3 becomes max. 

[0027] The principle of this approach as explained with reference to drawing 3 . Drawing 
3 (c) shows an example of a reference pattern 18, and 18a ie the protcction-from-light 
section by the chromium vacuum evaporations film etc. When a reference pattern IS 
and the pattern side of Reticle R arc located as mentioned above in a location [ **** ] 3 
the exposure light which passed the reference pattern Id of drawing 3 (c) is reflected by 
Reticle K, and image formation of the image of a reference pattern 18 ia again carried 
out on a reference pattern 18. As the intensity distribution of the image of the reference 
pattern 18 in this case are shown in the distribution calcium of drawing £ Cb), alm ost in 
accordance with dietribution of the light and darkness of reference pattern 18 the very 
thing, a great portion of light returns to the wafer stage WS mostly through the 
transparency section of a reference pattern IS. On the other hand, when the reference 
pattern IS is shifted from the pattern side of Reticle R, and the field [ ] a little, as 

the image of the reference pattern IS in which re-image formation was carried out by 
the reflected light from Reticle R is shown in the distribution Cb of drawing 3 (a), 
contrast falls. Tn this case, the slash section under distribution Cb of drawing $ (a) 
cannot lap with protcction"from-li§:ht section (no n transparent section) 18a of the 
reference pattern IB of drawing 3 (c)„ and a reference pattern 18 cannot be passed* but 
the quantity of li#ht which reaches the photoelectrical sensor 21 decreases. As for 
dxawjngji (a) and the condition of (b) 3 the Z coordinate of drawing 4 Ib equivalent to the 
property of Za and Zh, respectively 

[0028] When a reference pattern IS comes to the focal location of projection optics PL ad 
mentioned above, the detecting signal S3 outputted from the photoelectrical sensor 21 
series as max. By the interference phenomenon of the furs: of light, as shown in drawing 
± , a detecting signal S3 serves as a wave which mils in a concave on both sides of apeak. 
Moreover, the reference pattern 18 serves as combination of the pattern of the many 
directions like drawing 2 in consideration of astigmatism. 
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resolution limit of projection optics PL passes the breadth projection optics PL to the 
limit of aperture-diaphragm AP of projection optics, an angle of diffraction ie email and 
the diffracted light of a thick pattern passes only through the core of projection optics. 
By this, the focal location difference by lino breadth occurs,. 

[00331 Drawiagfi shows the above phenomenon by tune amount change, and is the time 
of day to of drawing g . Numerical aperture NA of i line and! projection optics PL is made 
about into 0.5, for example for the exposure light TL noting that exposure actuation is 
started. In this case, each focal location change is shown in drawing 6 supposing Rhine - 
and - tooth-space pattern <0.5micromL/S) whose pitch near the resolution limi t is 0.5 
micrometers, and O.SmicromL/S pattern comparatively thicker than it. In actual 
exposure actuation, it does not beeome a smooth curve like drawin g 6 by exchange of a 
wafer, positioning by step-and-repeat one of a wafer, etc. However, change of 
0.8micromL/8 pattern becomes large with time amount, and a rough change property ie 
soon saturated with fixed leveL as shown in dsawjn^S . In addition, drawing g ia ti me of 
day tl. It is the example which set and has ended exposure actuation, and is this time of 
day tl. Setting, a comparatively big value is served as, Difference dF, i.e., the focal 
location difference, of the focal location of O.SinicromL/S pattern, and the focal location 
of 0.5micromL/S pattern, 

[0OS4J In such a case, when the pattern of the reticle R by which the reference pattern 
18 currently used by the focal location detection system of the aforementioned direct 
method ie actually exposed by the pattern near the resolution limit is thick line breadth, 
the direction of thick line breadth can take the large deptib of focue. Therefore, when the 
focal location difference dF can fully absorb with the depth of focus which became large 
with thick line breadth, it does not produce especially mi-amaeing. However, when the 
depth of focus difference dF cannot be absorbed with the depth of focus to which the 
depth of focus difference dF became large with thick line breadth greatly, or when the 
line breadth of the reference pattern 18 used by the focal location detection system is 
thicker than the line breadth of the pattern actually exposed and focal alignment 
performs using a focal location detection system, there is ttnarranging [ which a gap 
produces to the focal location of the actually exposed pattern ]. 

[0035] Next, the approach of performing focal alignment is explained in the equipment 
of drawing 1 . amending the amount of spherical aberration. The image formation 
property of changing with the exposure light absorption of projection optics PL has not 
only the above spherical aberration but focal location change, scale -factor change, etc., 
and the approach of amending by predicting such variation is need for it. Since this has 
the function which calculates variation, such as a focal location and a scale factor, 



eeriaMy from change of exposure lupous energy which carries out incidence m 
paction optics PL, ^ can calculate change of the amount of spherical aberratxon 
serially by the same approach. Since the location of the projection optics PL leading to 
generating differs from a mechanism and the same change property does not become, 
the amount of spherical aberration, a focal location, and a scale meter need to calculate 
about each- 

[0036] Hereafter, the calculus of the variation of the amount of aberration is mainly 
concretely explained with reference to draadBJLl and drawing ■ As mentioned above, 
when the ammt of aberration generated by exposure light absorption is saturated 
with fixed level and exposure is stopped after it increase gradually according to heat 
being accumulated in the interior, as the curve of drawing showed, it shows change of 
decreasing rapidly. Being able to egress this phenomenon with the primary differential 
equation about time amount, the above-mentioned curve turns into an exponential 
curve (exponential-function curve). This property can be uniquely caressed with two 
parameters of the rate of change showing the proportionality of incidence energy and 
saturation level, and the attenuation factor (there is alao the method of the expression a 
"time constant") of the unit tune amount which determines the curve at the time of 
attenuation. Therefore, rate of change and an attenuation factor are searched for 
experimentally beforehand, and if the energy which carries out incidence to projection 
optics PL ia known, change of a focal location, a scale meter, or spherical aberrated can 
be known by solving the above-mentioned differential equation numerically. 
10037] Measurement of incidence energy can be first performed by measuring the 
amount of energy of the exposure light IL which passe* Reticle B using the 
photoelectrical sensor 17 installed on the wafer stage WS of d^dasJ - Whenever the 
quantity of light which changes the adjustable blind 6 and penetrates a blind changes 
when this exchangee Reticle R and the transmieaion of a reticle changes or, the wafer 
stage WS moves directly under projection optics PL, and measurement is performed. 
Measured value is sent to the spherical-aberration computing element 13. This 
spherical-aberration computing element 13 aeks coincidence also for change of a focal 
location and a scale factor by the operation, and performs each amendment while it 
searches for spherical aberration by the operation. 

[0038] Moreover, there is also exposure light which reflects La projection optics PL with 
the 1 ** wafer W other than the exposure light JL which comes directly from the light 
source 1, and carries out incidence to projection optics PL, and this reflected exposure 
light generates spherical aberration similarly. For this reason, the photoelectrical 
sensor 16 has detected the reflected light from Wafer W. The more detailed detection 



approach i 3 indicated by JP,62-183522,A. The detecting sign*! of the photoelectrical 
sensor 16 is suppKed to the spherical-aberration computing element 13, and the 
sphericaJ -aberration computing element 13 calculates the reflection factor r of Wafer W 
from the detecting signal of the photoelectrical sensor 16. The energy which carries out 
incidence of the output of the photoelectrical sensor 17 on the wafer stage WS to P, then 
projection optica PL is calculated with Px (r+1). However, when the effect of the 
reflected light is not the not necessarily same usually effectiveness as exposure Ught 
(beam of light from the upper part to a lower part) (for example, also when attaching the 
multiplier alpha Px <1+ alphaxr)), it thinks. If the rate of chance for which asked for the 
energy which carries out incidence to projection optics PL by the above, and this w a6 
asked beforehand as mentioned above ie applied, the saturation value of change will be 
calculated. 

T0039] In order to calculate the temporal response of sphsrical aberration, the 
spherical-aberration computing element 18 calculates reception and change of for 
the signal of whether a shutter 2 is in an open condition, or to he in a closed state by the 
width of &ce between fixed time amount short enough (for example, 1 - 10msec). An 
example of this calculus Is explained with reference to drawing 7 . The graph of drawing 
1 <b> shows the amount of energy which carries out incidence to projection optics PL- 
corresponding to close r of a shutter 2 / open and cloae ], and at the time of a closed state, 
-the amount of energy is O and it shows the value with the axed amount of energy in the 
open condition. And the graph of dmxia&JL <a) shows the computation in tlis 
spherical-aberration computing element 19, sots the aforementioned sufficiently short 
fixed time interval to deltat, and shows change of the amount of spherical aberration of 
every deltat. When a shutter 2 is a closed state, it is time of day tl. And t2 The amount 
of aberration is 0. Time of day t3 It sets, a shutter 2 will be in an open condition, and 
aberration fluctuation is carrying out constant-rate generating. Next, time of day t4 It 
sets and is time of day t3. Although it decreases as it sets and the generated aberration 
shows with a circle T white I, it is time of day t3 further. Time of day t4 If the amount of 
aberration generated in between is applied, the total amount of aberration will increase, 
as a black dot shows. 

[O04O] If there ie no supply of energy between deltat and there is supply a. decreased 
part like the following, change of the amount of spherical aberration is calculable with 
the method which adds the part to a decreased part. The above-mentioned approach is 
an example of calculus, and since various methods of solving a differential equation by 
numerical calculation are proposed, the same result to obtained even if it uses this 
approach. Moreover, in order to simplify, although [ the example to the above ] it can 
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express with a primary differential equation, aberration change may be able to be 
expressed with the sum ofthe prim**? differential equation about two or mo^ time 
amount when the change feetor of aberration hae two or more components. What is 
necessary is to perform the same count as the above to each component at this time, and 
just to ask for the sum- In addition, although the above-mentioned example showed the 
example in ease the amount of energy ia proportional to the amount of aberration 
(saturation value), if the amount ofeaergy exceeds constant value, also when aberration 
will get worse rapidly, it is considered. It can respond, if such a property is memorized 
also in this ease. 

[0041] The amount of spherical aberration is calculated as mentioned above. According 
to this amount of spherical aberration, the focal )ocstio« difference dF according to the 
difference of the line breadth of the reference pattern 18 of a focal location detection 
system and the line breadth of the actually expoaed pattern is graph-ised like for 
example, dxgwlfiE-5 <*> - (c). and is memorized inside the focal location amendment 
machine 14. It is turned out which should add offset by tins to the focal location for 
which it asked with the focal position transducer IS- Brawjng_8 (a) In - (c). the line 
breadth ST of an a^s of ordinate shows the line breadth of a reference pattern 18, and 
an axis of ordinate show* the difference of the line breadth of a patter and the line 
ht^adth of a reference pattern IS which are actually exposed. Prawmg ^ <*> showed «» 
property in case spherical aberratiou is about 0, showed the property when drawia&8 
<b) and (c) generate only the amount from which spherical aberration differs 
respectively, and has changed the focal location according to the difference of line 
breadtb. 

[0042] The focal location amendment machine 14 of drawing 1 «*ta U P the ot 
the parallel monotonous glass of the hght-recmviug optical system 12 so that Wafer W 
may be positioned in the location which added the above-mentioned of&et part to the 
focal location detected with the focal position transducer 15. Next, a means to input the 
line breadth actually exposed is explained. First, the information on line breadth, for 
example, minimum Une width, and the maximum line breadth are written in the bar 
code BC for discernment of Reticle K as one approach, the information on the line 
breadth is road by the bar code reader 22 of skaa^-l . and how to tell to the focal 
location amendment machine 14 by making the information into a signal S2 can be 
considered. Moreover, it registers with the approach of inputting into the focal location 
amendment machine 14, whenever it performs amendment from a keyboard 24, or the 
data file for exposure, and how to call at the time of exposure etc. can be considered. 
[0048] Next, the case where the detection approach of the focal location of this example 



is used in the sequence of actual exposure actuation is explained briefly, first — althou gh 
it is the timing which the focal location detection system of a direct method is operated, 
and amends the location detection system of an indirect method (calibration) abov-e — 
this kind of equip moot — atmospheric pressure change and temperature ~ changeful — 
it is - the device which amends by predicting- change is equipped about the focal 
location change by exposure light absorption. Therefore, in order not to carry out the 
calibration, by the focal location detection system not much frequently and to check a 
long-term change, usually it carries out about once day at 1 time per and one week. 
Since this kind of equipment is usually working in organization for 24 hours, it does not 
restrict that it is in the condition that the projection optics of the time of a calibration is 
stable enough, but it needs amendment like this example. Moreover, the sequence 
which making [ many ] the frequency of a calibration is also considered in order to 
secure the stability of a focal location depending on equipment,, for example, is 
performed for every time Of wafer exchange is also considered in spite of the time? 
amount loss accompanying a calibration. In this case, especially the calibration by this 
isitample is effective. 

[0044] Moreover, since the amount of spherical aberration is calculated every moment, 
when it is judged from the difference of the minimum line width of Reticle R, and the 
maximum line breadth according to this example that both focal location difference 
becomes large and trouble is caused to exposure at the time of exposure, the focal 
location amendment machine 14 of drawing 1 emits warning:, and also Suspending the 
detection actuation and the exposure actuation of a focal location by the location 
detection system of an indirect method is considered. Moreover, the pattern of line 
breadth with which plurality diflfera is prepared for the focal location detection system 
other than the above-mentioned example, the pattern of the line breadth near the line 
breadth of the actually exposed pattern is used, choosing, or a thin pattern and a thick 
pattern axe prepared and direction for use which interpolates and amends between is 
also considered. 

[00451 Next, the technique which adds amelioration to an iHumination-light study 
system or a reticle pattern, and raises resolution with this latest kind of equipment is 
proposed- The method (two ox more oblique illuminations) of changing whenever 
[ incident angle f of the flux of light which illuminates a reticle* for example J (sigma 
value showing the so-called coherency of an illumination system) as amelioration of an 
illumination-light study system according: to a pattern, illuminating in the shape of 
sona orbicularis, or performing hghtang orally from a certain specific direct? on eb proposed. 
Moreover, there are some which used the phase shift pattern as amelioration of the 



pattern of a ^ticie. Use of these approaches changes greatly the quantity of light 
dilution inside projection optics. For example, in the case of zona-orbicularis-hke 
lighting or two or more oblique illuminations, M ai the pupU aurfece of projection optics, 
a beam of light strong against the core of a lens doee not pass, and distributee, but when 
the eigma value of an illummation system is made small, a powerful beam of light. 
paBSeS along the core of a lens. This means that a difference appears in the temperature 
rise inside projection optics, and a difference occurs in the amount of sphencel 
aberration to generate, as it is also in explanation of generating of the aforementioned 
amount of spherical aberration. Moreover, astigmatism may occur. In such a case, it is 
necessary to memorise beforehand the parameter of the aforementioned rate of change 
and an attenuation factor according to lighting conditions etc. 

[0016] The above-mentioned example is an example which is using the light source with 
power fixed time almost like a mercury lamp as the light source 1. However, what is 
necessary Is just to he able to apply this invention similarly, when using the kght source 
Srom which it is pulse luminesces like escimer laser, and the power for every pulse 
differs and to change a little the measurement part of the energy which passes the 
aforementioned projection optics in this case. For example, although the energy which 
passes projection optics PL by the open condition or closed state of the output of the 
photoelectrical sensor 17 and a abutter 2 was measured in the example of drawing H> 
1 It asks for the transmission of Reticle E from the output difference of the 
photoelectrical sensor 17 with the time of there being nothing with the time of there 
being a reticle. The power for every pulse can be measured from the output signal SI of 
the photoelectrical sensor 38, and it can ask for the energy which passes projection 
optics PL every moment from ^transmission) (power) x (blind area). 

[0047] Next, in the example of Hz&dmtJL , » explains per actuation in the case of 
forbidding focal location detection actuation. Since this actuation is simple actuation 
based on the amount of aberration calculated by the spherical" aberration computmg 
element 13. it is explained briefly. Originally, since focal location measurement of the 
focal location detection system of a direct method measures long-term change of 
equipment, the view that it is contrary to original main point using the parameter of 
spherical-aberration change for which it asked beforehand as mentioned above is also 

[0048] In this case, what is necessary is just to perform focal location measurement in 
the stable condition that the exposure light TL always ie not irradiated by projection 
optics PL. That is, what is necessary is just to perform calibration actuation, after 
stopping calibration actuation and exposure actuation and being in a stable state untd 



th<=> temperature of projection optics PL is stabilized when it is going to perforin 
calibration actuation and the temperature of projection. optiCB PL is rising, 
[0049] The concrete example of this approach is explained with reference to drawing 9 . 
In drgaasg 9 , exposure actuation is started from time of day tJOO. and the amotmt of 
spherical aberration is changing from this time of day. This amount of spherical 
aberration is calculated by tho spherical-aberration computing element 13 like the 
above-mentioned case. The postexposure actuation ia ended and it is time of day tlOl. 
When it ie going to solve and a focal location detection system tends to perform the 
calibration of the location detection system of an indirect method, since the amount of 
spherical aberration is lar^e, both exposure actuation and calibration actuation are 
suspended from allowed value A,L. of the amount of spherical aberration, aad time of 
day tl02 when the amount of spherical aberration becomes below allowed value AJL. up 
to - it waits and a calibration is performed. According to this approach, a time loss is 
size as mentioned above, but the calibration of a focal location can be correctly 
performed in the condition that there is always no effect of spherical aberration. How to 
be application of this approach, for example, measure only within, the time of zi fixed 
aberration yield is also considered. That ie, when it irradiates with a dummy when a 
lens is in a cooling condition, or irradiating too much, it is the approach of waiting for 
cooling, and if it will carry out in the amount of aberration with the highest possibility 
oa use. there will bo few time losses and they will end. 

[00501 Since this approach corresponds: to lon^-term change of equipment, it is also good 
to carry out about once day at 1 time par or one week, and if a calibration is performed 
by frequency of this level, the above-mentioned time loss should be able to also be 
permitted enough. Moreover, common use with the approach of amending a focal 
location according to the amount of spherical aberration etc. is also possible, tbe 
calibration for every wafer exchange can be performed by tbe approach of performing 
the amendment, as mentioned above, and the periodical check to a Jong-term change 
can also perform that the amount of spherical aberration etc. becomes below an allowed 
value by the approach for which it waits. 

[0051] moreover, drawing 9 - setting - time of day tlOl from " time of day t!02 up to - 
although the case where it waited without doing anything was explained, an activity 
which exposure light does not start to projection optics PL ie possible. For example, the 
base-line chock of the alignment system which usee the alignment ligbt in which 
reinforcement or a Wavelength range differ© from exposure light etc- may be performed. 
f0052] Next, with reference to drawing \Q and drawing 1^ „ it explains per other 
examples of this invention. This example also applies this invention to a stepper, give* 
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spherical-aberration computing element 13 of drawiB^i "u. 

although tMs example is also used- , 

the referee pattern 31 is formed near the wafer W on the wafer stag ,WS hte 
Lnple of d^sJL in this ^yn^M . The expose light H, injected from the b g ht 
^ 1 ^TLd— - - 33 V the shutter 2, and the ™ 

li g ht Seated from other end 33b of this fiber 33 Alginates a reference pattern Blftom 
a lower part throngh the m**-*»*+> stud, ^ wafer -£-**A 

reference pattern 31 i. the pattern FMX of dxasriSiOl « i* *" protect^ WUght 
section. The light transmission action of a rectangle [like] is drawn and * „ Wed. 
The exposure light which passed the reference pattern 31 passes projection op^s PL, 
L pisses patLn *,ace P A of fcettcle B. It is Pat te m FMX - the- ^ ~ 
which the exposure light from the referenc* patter. 31 of Reticle & passes at this tun.. 
p atto KMX which consists of the nontranspareut section I being almost the .erne 
(ahnoat ^ / or. Katiele E / in consideration of the scale factor of p^ecnon opiacs PL) 1 

[Ooir^nt pattern BMX It is arranged around Reticle B and located in the 1~ 
which do.* not have effect in the pattern actual exposed. For example ^ P te 
dfrert the positioning pattern of Reticle R. Pattern FMX And pattern ^^^^^^^ 
father led to the photoelectrical sensors 35 and 36 with a half nurror 4 ^ 
Mirror S and Maine condensing lens 3 grade. The division rmrror 36 - — 
pupil surface of the projection optics PL. of the direction reflected from the * 
Ld a location t — / ahnost 1. and this division mirror 33 divides mos Or «- *« * 
light from a half mirror 4 into division into eousl parts, and sopphes , * ^ the 
photoelectrical sensors 36 and 36. For this reason, the chief rav of the two ^ded^f 
hghts has an inclination to the optical axis of projection optics PL, as shown m 

fcOoS] 34 show, a focal position transducer and supplies the positional inferxaa Wcff 
L specimen plane detected by this focal position transducer 34 by the 
opti cal system 12 at the detectins-signal hat of the photoelectrical sensors 35 and 36^ 
Moreovax, on the trolley table of the wafer stage WS, a mirror 33 is arranged and the 
Wrbeam Item a laser interferometer 33 is reflsctedby the mirror 39. Thereby a laser 
Lrferometer 38 measures the coordinate in a Seld perpendicular to the opW of 



the projection optics PL of the wafer stage WS, and supplies this measured coordinate 
information to the focal position transducer 34. Now, when detecting- a focal location, the 
focal position transducer 34 moves the location of the wafer stage WS, acting- as the 
monitor of the measurement coordinate of a laser interferometer 83, and it is Pattern 
FMX- Pattern KMX A relative position is mostly set as the condition of drawing 11 (a). 
The laser infcerferomete* 38 of drawing ID - measures spacing of an internal fbced mirror 
and the mirror 39 on the wafer atage WS, and the stage location of a direction (the 
direction of 2D parallel to the space of drawing HO is measured. 

[0056] Next, the focal position transducer 84 detects the output signal of the 
light-receiving optical system 12, and operates the Z'axie drive system 25 T moves the 
reference pattern 31 of the wafer stage WS in the only Z directions from the place 
considered to be the focal location of projection optics PI* (let this be a coordinate Zl), 
and scans the wafer stage WS in the direction of 3L At this time, the focal position 
transducer 34 receives the X coordinate of the wafer Stage WS and the detecting signal 
of the photoelectrical Sensors 35 and 36 by the laser interferometer 38 to coincidence. As 
a result, a wave like drawing 11 (b) is acquired. Signal S4 of drawing: 6 (b) and S6 

are the detecting signals of the photoelectrical sensors 35 and 36 respectively, and arc a 
Coordinate Xl respectively. And X2 The quantity of li&ht serves as nun. And pattern 
FMX Pattern RMS When it laps, the whole qu.an.tity of light serves as min- That is, 
since the chief ray of the two £Lux of Hghfce divided as mentioned above is slanting to the 
chief ray of projection optics PL, if a reference pattern 81 and the pattern side of Hetide 
R are not conjugate, it is Pattern FMX at each flux of light. Pattern RMX Drawing 11 (b) 
means that a relative position shifts in the direction of X, and it is visible. 
[0057] Next, the reference pattern 31 of the wafer stage WS is moved to last time and 
hard flow from the place considered to he the focal location of projection optics PL (this 
is set to Z2\ the Berne thing is repeated, and two coordinates Xl ' and X2 * from which 
the quantity of light becomes min are obtained. Consequently, a graph like drawing 11 
(c) can he drawn and it is a coordinate XI from this drawing-J.1 (c). Coordinate X2 Focal 
location ZO which is a point without a location gap It can ask- If it asks for 2 elopes of a 
lino of drawing JL1 (c) beforehand, it will be a coordinate Z2. It ie the focal location ZO 
only by measuring once. Asking ie also possible. Although thia approach's having also 
un-arrangred [ that a focal location is undetectable centering on the optical axis of 
projection optics PL ] in the actually used reticle, the E±dvanta^e that time amount does 
not cut in the remainder is in measurement. 

[0058] Moreover, there is the contrast detecting method by the image processing e£c_ as 
other examples. For example, from Reticle R top, the pattern on a reticle is observed 



next, doubling a fooal location tlwis. fixations various 

10059] In addi^ as fox tt. ^ii. it is needled to say ^ 
* the is not lunit-d to the ah*™— tioned exan*!* and does «ot d vxa 

from the summaiy of this mention can be taken. 

advantage whidh does not need big Teconstrucfcioi. of eqoxpment. 

O~o,eove, sinco accords to tbe ~ Potion optie* ^ 
performed wbeo the spheral aberration o, *. a^t^ — <*nn an allow, 
value occurs in projection optic*, mistaken feeding is not performed. 



DESCRIPTION OP DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the block diagram showing the whole stepper configuration of one 
example of the projection optics equipment Thy thi© mveatioii. 

PDrawing 2 1 It ie the top view showing an example of the reference pattern IS of 
flratyinff 1 - 

[Drawing 3l It 16 the principle explanatory view of the focal location detection system of 
the example of drawing 1 , 

[Drawing 4l It is the wave form chart showing the condition of the detecting signal in 
the case of drawing 3 . 

[Drawing . Ill It is a mimetic diagram for explaining spherical aberration » 

tDrawing- 61 It is the diagram showing the ©aaraiple of change of the focal location to 

different line breadth by the spherical aberration accompanying «?3cpoeure light 

absorption. 

[drawing 7] It is the explanatory view of an example of the method of calculating tbe 
spherical-aberration computing element 13 of d£S3£3SSlJL ■> the diagram in which (a) 
shows change of the amount of spherical aberration, and Cb) are the diagrams showing 
change of the amount of energy to projection optics. 

fD rawing §] It is the diagram showing the relation between the difference of the line 
breadth under the different amount of spherical aberration^ and the Variation of a focal 
location. 

{Drawing 9] It is the diagram in the example of drawing 1 with which explanation of 
different calibration actuation is presented* 

[Drqw in ff lO] It is the block diagram in the stepper of other examples of this invention 
mainly showing the configuration of a focal location detection system. 

fD rawing- | It ie the principle explanatory view of the focal location detection system of 
the example of drawing 10 - 
[Description of Notations] 

1 T-figfct Source 

2 Shutter 

4 Half Mirror 

6 Adjustable Blind 

11 Exposure Optical System 

12 laght-receiving Optical System 



IS Sp Weal-Aberration Computing Element 

14 Focai Location Amemmenfc Ivtecbi^e 

15 Focal Position Traosducer 

16, 17, 21, 38 Photoelectrical sensor 

18 Reference Pattern 

19 niumiiiBLtioii'Liglit Study System 

20 Dichotomy Fiber 

22 Bar Code Header 

23 Storage 

24 Keyboard 
R Reticle 

W Wafer 

P1L Projection optica 
WS Wafer stage 
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